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(54) MAGNETIC DISK DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a magnetic disk device which 
secures the safety of data and which uses the vertical magnetic recording 
medium of high track density without changing the head structure of the 
magnetic disk device by limiting a relation among the film thickness of a 
magnetic pole, track width, a yaw angle and a track pitch. 
SOLUTION: An MR element arranged between an upper shield and a lower 
shield 14 is used as a magnetic head. A merge-type MR head having a ring- 
type recording head forming a recording gap 1 3 between an upper magnetic 
pole 1 1 and the upper shield 12 is used while using the reproduction head 
upper shield 1 2 as the lower magnetic pole of a recording part. Magnetic 
pole thickness TUP in the floating face of the upper magnetic pole 1 1, width 
WUP, an angle (a) which a direction orthogonal to a recording track and the 
width direction of a recording head make, and a tracking pitch TP satisfy 
TP>TUP x sina+WUP x cosa in all magnetic head positions. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The magnetic disk unit which is equipped with the following and characterized by the angle a which the magnetic pole 
thick TUP in the surfacing side of the aforementioned magnetic pole, width of face WUP, and the direction which intersects 
perpendicularly with a recording track and the cross direction of a recording head make, and a track pitch TP filling 
TP>TUPxsina+WUPxcosa in all magnetic-head positions. The vertical-magnetic-recording medium which has a soft-magnetism 
backing layer Setting to the magnetic disk unit containing the record reproduction discrete-type compound magnetic head, the 
aforementioned record reproduction discrete-type compound magnetic head is a reproduction element. Magnetic shielding of the 
couple arranged on both sides of the aforementioned reproduction element The magnetic pole arranged to magnetic shielding of 
the aforementioned couple at the run direction downstream 

[Claim 2] The magnetic disk unit characterized by filling TPx0.7>TUPxsina+WUPxcosa in all magnetic-head positions in a 
magnetic disk unit according to claim 1. 

[Claim 3] The magnetic disk unit characterized by filling TP>TUPxsina+WUPxcosa and TP<=TUP2xsina+WUPxcosa in a magnetic 
disk unit according to claim 1 when setting thickness in the upper part [ side / surfacing / of the aforementioned magnetic pole ] 
to TUP2. 

[Claim 4] The magnetic disk unit characterized by filling TPx0.7>TUPxsina+WUPxcosa and TPx0.7 <=TUP2xsina+WUPxcosa in a 
magnetic disk unit according to claim 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the magnetic disk unit which uses a rotary actuator for 
the recording track prepared in the disc-like vertical-magnetic-recording medium at the detail more about a magnetic disk unit, 
positions the magnetic head, and records information. 
[0002] 

[Description of the Prior Art] By the longitudinal magnetic-recording method (magnetic-recording method within a field), as the 
record magnetic field generated from a magnetic-recording head is shown in drawing 2 (a), a yaw (yaw) angle hardly depends on 
the thickness of the up magnetic pole 1 1 for the width of face which a record magnetic field attains to also conditions other than 
zero depending on record gap length by concentrating on about 13 record gap formed of the up magnetic pole 1 1 and the lower 
magnetic pole 1 2 of a ring-^type magnetic-recording head. In the magnetic disk unit using the longitudinal magnetic-recording 
medium, the upper limit of an up magnetic pole has lapped with the adjoining truck in the radius position where a yaw angle is 
targe. Here, the up magnetic pole 1 1 is the magnetic pole which finally gives a record magnetic field to a magnetic-recording 
medium between two magnetic poles of a ring-type magnetic-recording head, i.e., the magnetic pole in the run direction last edge 
of the magnetic head. Moreover, a yaw angle is an angle of the direction which intersects perpendicularly with a recording track, 
and the cross direction of a magnetic-recording head to make. 

[0003] Also in the combination of a monolayer vertical-magnetic-recording medium and a ring-type recording head, as shown in 
drawing 2 (b), record is performed of a with a record gap of about 1 3 formed of the up magnetic pole 1 1 and the lower magnetic 
pole 12 perpendicular magnetic field component and it hardly depends on the thickness of the up magnetic pole 1 1 for the width 
of face which a record magnetic field attains to. 

[0004] Moreover, it was common that record and reproduction used a single magnetic pole head with different structure from the 
conventional ring head to the vertical-magnetic-recording medium which has a soft-magnetism backing layer. Although the report 
which records using a thin film type single magnetic pole head is also made, it is not taken into consideration about the problem 
accompanying change of a yaw angle (the Magnetics Society of Japan, Vol.22, No.S3, 1998 "the digital characterization of the 
bilayer film vertical magnetic recording by the single magnetic pole recording head and differentiated type conversion of 
waveform"). 
[0005] 

[Problem(s) to be Solved by the Invention] It is required to develop high MR element or the GMR element of reproduction 
sensitivity as an element only for reproduction, to use the magnetic head which combined the element only for these 
reproduction and the ring-type recording head in the conventional longitudinal record medium, and to use the magnetic head of a 
record reproduction discrete type also as the magnetic head combined with a vertical-magnetic-recording medium in recent 
years. 

[0006] When a ring-type head is used as a magnetic-recording head to a vertical-magnetic-recording medium with a soft- 
magnetism backing layer, as shown in drawing 2 (c), a magnetic field with the width of face depending on the thickness of the up 
magnetic pole 11 will occur. Moreover, in the combination of a vertical-magnetic-recording medium and a single magnetic pole 
type recording head with a soft-magnetism backing layer, as shown in drawing 2 (d), a record magnetic field distribution turns into 
the almost same distribution as the record magnetic field near the up magnetic pole of a ring-type recording head, and a 
magnetic field with the width of face depending on the thickness of the main pole 1 5 will occur. The lower magnetic pole 1 2 of 
the influence on the width of face (recording width) which a magnetic field is not concentrated since it has latus structure in the 
direction of the width of recording track, but a magnetic field attains to is small enough. 

[0007] Drawing 3 is drawing explaining the state where the recording width at the time of recording by the record reproduction 
discrete-type compound magnetic head changes with yaw angles to the vertical-magnetic-recording medium which has a soft- 
magnetism backing layer. As shown in drawing 3 (a), when the direction of the width of recording track and a record gap become 
parallel (i.e., when a yaw angle is zero), although a recording width is not dependent on up ****** depending on the width of face 
of the up magnetic pole 1 1. it has the problem that a recording width will become [ a yaw angle ] large in efficiency on conditions 
other than zero depending on up ******, like drawing 3 (b). 

[0008] Although how to use the actuator of a two-step formula, and the method using a linear actuator can be considered in 
order to always make a yaw angle into zero, with the actuator of a two-step formula, the rise of a manufacturing cost is a 
problem and the problem that it is accompanied by the increase in equipment size arises in a linear actuator. 
[0009] In a magnetic disk unit equipped with the magnetic head of a vertical-magnetic-recording medium with a soft-magnetism 
backing layer, and a record reproduction discrete type, this invention solves the aforementioned trouble produced when recording 
with a ring-type magnetic-recording head or a single magnetic pole type magnetic-recording head, without changing the 
magnetic-head positioning mechanism of the conventional magnetic disk unit, and aims at offering the magnetic disk unit which 
can perform record of high track density. 
[0010] 

[Means for Solving the Problem] In this invention, a limit is added to the geometry of a magnetic-recording head magnetic pole, it 
is making it the recording width by the magnetic-recording head not exceed the width of recording track in which radius position 
on a magnetic disk, and the aforementioned purpose is attained. In the magnetic disk unit in which this invention contains the 
vertical-magnetic-recording medium which has a soft-magnetism backing layer, and the record reproduction discrete-type 



compound magnetic head namely, the record reproduction discrete-type compound magnetic head The magnetic pole [ in / the 
surfacing side of a magnetic pole / it has the magnetic pole arranged at the run direction downstream to a reproduction element, 
magnetic shielding of the couple arranged on both sides of a reproduction element, and magnetic shielding of a couple, and ] thick 
TUP, It is characterized by the angle a which width of face WUP, and the direction which intersects perpendicularly with a 
recording track and the cross direction of a recording head make, and a track pitch TP filling TP>TUPxsina+WUPxcosa in all 
magnetic-head positions. 

[001 1] When the margin of the servo control of the magnetic head is taken into consideration, as for the magnetic pole thick TUP 
of the magnetic pole which finally gives a record magnetic field to a magnetic-recording medium, and width of face WUP, it is 
desirable to design so that TPx0.7>TUPxsina+WUPxcosa may be filled in all magnetic-head positions. 

[001 2] Moreover, when setting thickness in the upper part [ side / surfacing / of the aforementioned magnetic pole ] to TUP2, 
the aforementioned purpose can be attained also by considering as a magnetic pole configuration with which 
TP>TUPxsina+WUPxcosa and TP<=TUP2xsina+WUPxcosa are always filled. Also in this case, when the margin of the servo 
control of the magnetic head is taken into consideration, it is desirable to design so that TPx0.7>TUPxsina+WUPxcosa and 
TPx0.7 <=TUP2xsina+WUPxcosa may be filled. 
[0013] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention is explained. The schematic drawing of the 
composition of the magnetic disk unit by this invention is shown in drawin g 1 . This magnetic disk unit is equipped with the record 
reproduction discrete-type compound magnetic head 22 which performs record and reproduction to the vertical-magnetic- 
recording medium 21 which has a soft-magnetism backing layer, and the magnetic-recording medium 21. The magnetic head 22 is 
attached in the rotary actuator 24 which rotates focusing on the supporting point P through a suspension arm 23, positioning is 
performed, and the distance of the record head gap section and the supporting point P is Lg. In addition, the head gap section is 
mostly prepared in the perpendicular from the supporting point P to the straight line drawn in the gap section. Moreover, the 
center of rotation Q of the magnetic-recording medium 21 and the distance with the supporting point P are Lq(s). At this time, 
the straight line which connects the points Q and G in the radius position R of the magnetic-recording medium 21 and the angle 
a which a record gap makes, i.e., a yaw angle, are decided uniquely. Drawin g 4 is the enlarged view of the slider portion of the 
magnetic head. The magnetic-head element 25 is formed at the nose of cam of a slider. 

[0014] Drawin g 5 is the schematic diagram of the cross-section structure of the magnetic-recording medium 21. The backing 
layer 53 which has the ground layer 52 for controlling the orientation of a magnetic layer, and has soft magnetic characteristics 
on it on a substrate 51, and the protective layer 55 which protects the record layer 54 on it and protects a medium front face on 
it further are formed. 

[0015] First, the 1st example of this invention is explained. Drawing 6 is the enlarged view which looked at the element section 25 
of the magnetic head shown in drawing 4 from the surfacing side. In this example, the reproducing-head up shield 1 2 is used also 
[ magnetic pole / lower / of the Records Department ] as the magnetic head using the MR element 33 arranged between the up 
shield 12 and the lower shield 14 at the reproduction section, and the merged type MR head which has the ring-type recording 
head which forms the record gap 13 between the up magnetic pole 1 1 and the up shield 12 is used. ****** in the surfacing side 
of the up magnetic pole 1 1 is TUP, and width of face is WUP. Drawing 7 is a cross section explaining the magnetic pole structure 
of a recording head, and shows the relation between the up magnetic pole 1 1 and the lower magnetic pole (up shield) 1 2. 
[0016] The yaw angle of width of face (recording width) which the record magnetic field of the ring-type magnetic-recording head 
shown in drawin g 6 attains to corresponds with the up magnetic pole width of face WUP mostly in the radius position near zero, 
as shown in drawing 3 (a). On the other hand, when a yaw angle becomes large, as shown in drawin g 3 (b), a recording width will 
change with the magnetic poles thick TUP of the up magnetic pole 1 1. The relation between the size of the up magnetic pole 11, 
a yaw angle, and a recording width is explained using drawing 8 . From drawing 8 , as for the projection length, i.e., the recording 
width, of the direction of the width of recording track of the up magnetic pole 1 1, up ** * *** is expressed [ width of face ] with 
the following formula for WUP and a yaw angle, when TUP and up magnetic pole width of face are a. 

TUPxsina+WUPxcosa [001 7] Although the purpose of this invention can be attained by setting the aforementioned recording 
width below to the width of recording track, by this example, also in consideration of the locational error of the magnetic head, a 
recording width carries out to making it become 70% or less of a track pitch in the radius R from which a yaw angle serves as the 
maximum, and it designs so that the next relation may be filled. 

TPx0.7>TUPxsina+WUPxcosa [001 8] By this, even if a recording head is in which radius position of a vertical-magnetic-recording 
medium, it becomes possible [ performing record of high track density ], securing the safety of data to the vertical-magnetic- 
recording medium which has a soft-magnetism backing layer, since a recording width is always settled in the width of recording 
track. Although the recording head of a ring type was explained here, when the record reproduction discrete-type compound 
magnetic head which has single magnetic pole type magnetic-recording head structure is used, the same thing can be said only 
by replacing the up magnetic pole under above-mentioned explanation with the main pole. 

[0019] Next, the 2nd example of this invention is explained. This example is the completely same composition as the 1st example, 
except that the structures of a record element differ. The cross section of the record element by this example is shown in 
drawin g 9 . If the magnetic pole thick TUP of the up magnetic pole (main pole of a single magnetic pole type magnetic-recording 
head) 1 1 of a ring-type magnetic-recording head is made thin on the whole in order to satisfy the aforementioned relational 
expression to drawing 7 in the case of the magnetic pole structure which showed the cross section Although the saturation 
magnetic flux density (Bs) of magnetic pole material is satisfactory when high enough, or when the coercive force of a magnetic- 
recording medium is small enough, when Bs is not high enough, a magnetic field required for record in order that record magnetic 
field strength may decrease may not be acquired. 

[0020] Then, in this example, as shown in drawing 9 . it is processed only near the surfacing side of the up magnetic pole (main 
pole) 41 , the magnetic pole thick TUP 1 in a surfacing side is reduced, and the magnetic pole thick TUP 2 of the portion which is 
distant from the surfacing side which does not influence a record magnetic field distribution directly is thickened. Thereby, the 
saturation of the whole magnetic pole is avoidable. 

[0021] Drawing seen from the surfacing side of the up magnetic pole 41 at this time is shown in drawing 10 . By designing so that 
it may consider as TPx0.7>TUP1xsina+WUPxcosa in the position distant from the surfacing side and TP<=TUP2xsina+WUPxcosa 
may be realized in respect of surfacing, as shown in drawin g 10 Since the recording width by the recording head can always be 
stored in the width of recording track in the arbitrary radius positions of a vertical-magnetic-recording medium, avoiding the 
saturation of the whole magnetic pole when a ring-type magnetic-recording head is used, or when a single magnetic pole head is 
used. It becomes possible to perform record of high track density, securing the safety of data to the verticar-magnetic-recording 
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medium which has a soft-magnetism backing layer. 
[0022] 

[Effect of the Invention] It becomes possible to realize the magnetic disk unit using the vertical-magnetic-recording medium of 
high track density which secured the safety of data, without changing the conventional head structure and the conventional 
positioning mechanism of a magnetic disk unit by restricting the relation between the thickness of an up magnetic pole, the width 
of recording track and a yaw angle, and a track pitch according to this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram of the magnetic disk unit by this invention. 

[ Drawin g 2] Explanatory drawing showing the outline of a record magnetic field distribution. 

[Drawing 3] Drawing explaining the recording width which changes depending on a yaw angle. 

[Drawing 4] The schematic diagram of the slider portion of a magnetic disk unit 

[Drawing 5] Cross-section structure explanatory drawing of a magnetic-recording medium. 

[Drawing 6] The schematic diagram of an example of the magnetic head seen from the surfacing side side. 

[Drawing 7] Explanatory drawing of an example of the magnetic pole structure of the magnetic-recording head by this invention. 
[Drawing 8] Explanatory drawing of the recording head up magnetic pole conditions by this invention. 

[ Drawin g 9] Explanatory drawing of other examples of the magnetic pole structure of the magnetic-recording head by this 
invention. 

[Drawing 10] Explanatory drawing of other examples of the magnetic-recording head up magnetic pole conditions by this 
invention. 

[Description of Notations] 

1 1 [ — A record gap, 14 / — A lower shield, 15 / — The main pole, 21 / — A magnetic-recording medium, 22 / — A slider and 
the magnetic head, 23 / — A suspension arm, 24 / — A rotary actuator, 33 / — MR element, 41 / — A surfacing side 
processing up magnetic pole 42 / — Up shield (lower magnetic pole) ] — An up magnetic pole (main pole), 12 — An up shield 
(lower magnetic pole), 1 3 
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